The energy is the strategic input for sustainable development and the issue of energy security is considered like the individual security, social security and territorial security. Per capita consumption of energy and electricity are now widely accepted as important index of the state of development of a country. Nearly every aspect of development from reducing poverty and raising living standards to improving health care, and industrial and agricultural productivity-requires reliable access to modern energy sources. In this context, it is important to consider the global energy imbalance: today, 1.6 billion people are without access to electricity, and 2.4 billion rely on traditional biomass for cooking and heating because they have no access to modern fuels. Current forecasts suggest the world will see an increase in global energy consumption of over 50% by 2030, with 70% of this growth in demand expected to come from developing countries. Nuclear energy will play a vital role in providing increased access to affordable energy in many parts of the world. In the past, especially during the period up to the global energy crises in the last quarter of the 20th century, the abundance of energy was never in any serious doubts. It was often thought that the economics of energy generation and supply was sufficient for decision making in energy planning. The harsh realities of the events of the energy crisis had compelled the mankind to introduce a series of structural changes and technological and administrative interventions at the national, regional and international levels in order to help mitigating the effects of such situations if and when they appear in the future. Thus, the availability of reliable and quality energy on a long-term perspective of any country now assumes the same importance as any other form of security. The scenario has been further compounded with the almost coincidental with the advent of the global concern on environment. Today, environmental dimension of energy has to be considered with as serious issue as any other technological, economic or financial factors of the overall matrix of its demand-supply balancing of any country. Energy planning of developing countries is, therefore, a challenge of enormous proportions, especially if a target is set to ensure the sustainability of development. This paper proposes that the developing country needs to introduce nuclear power programme on a urgent basis so that long-term it may have in place environmentally friendly, dependable, fast growing, reliable, economically viable, secure and sustainable supply of energy. Advantages of nuclear power in terms of environment, economics, reliability, long-term energy security, base load power supply, etc make it an appropriate and indispensable option of electricity generation mix for the mid to long-term future for developing nations.
INTRODUCTION
Energy is a vital infrastructure for attaining goals of socioeconomic development of any country. Thus providing safe, reliable energy in economically acceptable ways is an essential political, economic and social requirement. The levels of economic development, human welfare and standards of living depend upon energy services. Disparities in energy availability mirror the economic disparities among developed and developing countries. The richest 20% of the global population had consumed about 55% of the total energy and they are producing and consuming 80% of value of all goods and services. On the other hand, the poorest 20% use only 5% of total energy and dispose only 1% of global economic product [1] . Disparities in consumption of electricity among individual countries and among different social strata are even more pronounced. These large disparities combined with future population growth, economic development, and technological progress are important drivers of future energy demand and supply.
World population is expected to double by the middle of 21st century. The substantial social and economic developments need to continue, particularly in the developing countries. It is seen in the recent studies that the demand for energy, especially electricity in developing countries is expected to increase by a factor of 2.5 to 3 fold over the next years and 5 to 7 folds by 2050 as they undergo industrialization, experience increased urbanization and improve the living standards of growing population [2] . The share of developing countries in the global energy demand will increase from about 35% to about 60% in the year 2050, while the combined share of industrialized countries and the Central and Eastern European (EEU) countries in the global demand in the year 2050 is expected to decrease to about 23.5% from 50%. Nonetheless the distinction between developed and developing countries in today's sense will no longer be appropriate.
The major part of global energy demand is met through fossil fuels. But the future scenario of global primary energy supply is difficult to ascertain because of complex issues like economics of energy production, strategy of individual supplier country on resource extraction, international politics on energy, the dynamics of the international energy market on a long-term perspective. In addition, emission of greenhouse gases and significant damaging impacts of fossil fuels uses will have significant influences on the future supply-mix. Selection of technology is the other important dimension of energy development plans.
The rapid growth in energy demand is one of vital issues for economic development of the country. The demand for energy and hence the related technologies are expected to grow on a faster track in the developing world. Therefore, the sustainable energy development becomes the concern of developing countries. In order to cope with sustainable development, they have to spend the huge amount of valuable foreign fund to import energy every year. Moreover, the price of these fossil fuels is very much uncertain and the developing countries have suffered several times to barter these fuels. For a fast growing, reliable, economically viable, secured and sustainable energy development, the policy planners, decision makers and development planners should address urgently the issues, strategies and proven technology for mid-term and long-term energy planning by considering indigenous energy resources, existing consumption pattern of energy and environmental issues of energy. Since the nuclear power is being considered as a viable option for sustainable energy in many countries due to a little pollution to the environment, low fuel cost, proven technology and ability to produce a large amount of electricity, it is an option for sustainable energy development of a developing country. In the following sections, the justification of introduction of nuclear energy in the overall energy mix for long-term energy planning in a developing country with limited indigenous resources are explained.
THE INTERNATIONAL DIMENSION OF ENERGY DEVELOPMENT
International dimension of energy supply has to be given due consideration in evolving the energy development program of a country. According to the projections of the International Energy Agency, the total demand for commercial energy would increase from 8976 MTOE in 1990 to 24,835 MTOE in 2050 in the High Scenario [3] . In the terminal year, the demand is estimated at 19,831 MTOE in the Low Scenario and 14,246 MTOE in a scenario that envisages extensive conservation measures (Table  1) . This means that the supply of fuel would have to be doubled over this period even if the low scenario of growth is attained. It is also pertinent to mention that in the base year, the industrialized countries and EEU had consumed about 50% of the total energy, though they represented about 13% of the global population. The combined share of these groups of countries in the global demand in the year 2050 is expected to be only about 23.5%. During the same period, the share of developing countries in the global energy demand will increase from 34% in 1990 to about 58% in the year 2050. This phenomenal increase in demand in the developing countries is possibly explained by the fact that a transition from their present state of economy to the elevated ones will occur in many such countries during the next 50 years.
On the other hand, in the supply side, the future scenario of global resources and supply of primary energy is difficult to ascertain.
Complex issues like economics of energy production, strategy of individual supplier country on resource extraction, the dynamics of the international energy market on a long-term perspective and to a great extent on the global political scene are likely to have significant influences on the future supply-mix. Tables 2 and 3 show the present status of production, import and export of hard coal and crude oil. It is seen that about 15% of coal production and 53% of the annual crude oil production are now traded in the international market after meeting demands in the respective producing countries. In case of coal, the cost of transportation and environmental pollution are likely to influence its future trading at least to some extent. It may be mentioned that, the question of imposition of carbon tax has already been raised in different international forum including the Rio Earth Summit and the Kyoto Protocol. In case of oil, the uncertainties in the international market have to be considered seriously in defining its role in the long-term energy development plan.
Technology is the other important dimension of energy development plans. The developed countries are the sources of innovations and its only natural that funding and hence R&D in this field will be more responsive to their own needs. The needs and priorities of developing countries may not necessarily be reflected in such programs. On the other hand, demand for energy and hence the related technologies are expected to grow on a faster track in the developing world. 
GLOBAL ENERGY NEEDS: ISSUES OF SUSTAINABLE DEVELOPMENT
With projections of sharply rising energy consumption and continuing global dependence on fossil fuel resources and traditional biomass fuels, environmental pollution and green house gas emission could reach severely damaging levels. By this time, the green house effect and global warming has become a major subject for discussion and the global challenge is to develop strategies that foster a sustainable energy future less dependent on fossil fuels. In the following, we discuss some of the environmental issues as found in recent literatures.
Greenhouse gas emission
Recent studies it is shown that the fossil fuels can have significant damaging impacts locally, regionally and globally through global climate change, air quality degradation, lake acidification, toxic waste contamination as well as resource depletion. Moreover, large fuel and transportation are required. For example, a 1000 MW(e) coal and oil fuel based plant require respectively 2,600,000 and 2,000,000 tons (t) of coal and oil annually for which 2000 train cars (1300 t each) and 10 supertankers respectively are needed for transportation. This size of coal power plant without abatement technology produces an annual average of 44,000 t of sulfur oxides and 22,000 t of nitrous oxides that are dispersed into the atmosphere. Additionally, there are 320,000 t of ash containing 400 t of heavy metals -arsenic, cadmium, cobalt, lead, mercury, nickel and vanadium. Turning now to greenhouse gas emissions, a single 1000 MW(e) coal plant emits some 6,000,000 tons of CO2 annually [4] .
The major problems in using fossil fuel is the emission of green house gases such as carbon dioxide (CO2), methane and nitrous oxides (NOx) that lead to global warming with climate change. Among them CO2 is the most important green house gases which has mainly been originating in the worldwide combustion of coal and other fossil fuels. It is reported that per capita CO2 emissions are 20, 11, 10, 09, 04, 03, 02, and 01 tones in the USA, Russian Federation, Japan, EU(25), World, China, Brazil and India respectively [5] . The Scientific Americana (September 2006) reported that the cumulative amount of CO2 in atmosphere doubled in 2006 from the pre-industrial period (please see figure  1 ). Globally emissions are expected to increase 50% by the year 2030 and evidence from the IPCC indicates 50% increase in emissions by 2030 would lead to 5 0 C rise in temp, which is the tipping point to the melting of the large ice sheets in the Green land and the Himalayas that will lead to a run away rise with catastrophic implications. For example cities like New York City might have to construct seawalls to prevent flooding, and coastal countries like Bangladesh and Maldives could be inundated. If CO2 concentrations in the atmosphere will continue to increase at the present rate, the cumulative amount will be 1200 billion tones at the middle of this century, it is feared that higher temperatures will result globally that will cause severe climatic changes globally. If appropriate measures are taken through mitigation options, the present incremental trend of CO2 emissions must be averted as shown in the blue line in figure 1 . 
Depletion of Natural resources
Over the decades, the increased in global energy consumption and continuing global dependence on fossil fuel sources caused depletion of natural resources which has become an environmental issue. It is estimated that the proven reserves of coal is sufficient for about 200 years, natural gas for 50 years and of oil for 40 years at current levels of use.
External costs
For fossil fuels, the costs related to waste management and decommissioning are not yet included as components of generation costs that could become significant under more stringent environmental policies. There would be even greater impact if external costs for local and regional health and environmental impacts were included, perhaps through more stringent regulations or the ecological surcharges some countries already use in transport and industrial sectors, however, most environmental externalities have essentially been internalized in generating costs for nuclear power. According to the report of "Nuclear Power and Sustainable Development (April 2006)" the external costs for Switzerland case study based on expected technologies in 2010-2020 is shown in Figure 2 . This figure demonstrates that the external cost for nuclear is the lowest to it competitors-gas, oil and coal. This is a representative figure for developed countries.
Carbon tax
In order to reduce global greenhouse gas emissions, the international communities are considering imposing so called carbon value tax to fossil fuels uses for encouraging less carbon intensive fossil fuels in power generation. If carbon value is added to fossil fuels, the costs of power generation would be much more higher than the existing one.
Environmental costs
The assessment of environmental externalities must include the entire fuel chain and consider occupational as well as public effects on local, regional and global scale. For equivalent amounts of energy generation, coal and oil plants, due to greater emissions, huge fuel requirements and transport requirements, have the highest external costs and equivalent lives lost. The external costs are some tens higher than for nuclear power plant and can be significant fraction of generation cost.
STRATEGY FOR SUSTAINABLE ENERGY DEVELOPMENT
The most practical alternative to fossil is nuclear energy, which can solve problem of limited fossil fuels and can limit environmental pollution and can slow the rate of increase of CO2. According to the statistics of the International Atomic Energy Agency (IAEA) and the World Energy Council, over the past 10-15 years, nuclear power plants (NPPs) in operation have shown steadily improving performance levels and demonstrated their economic competitiveness with alternative generating sources. It is important note that NPP now is fifty years old proven technology that contributed significantly to world energy needs. It is expected that low environmental impacts and a vast fuel resource potential should allow it to contribute substantially to meet the sustainable energy challenges.
Nuclear Power-an option for sustainable development
In 1961, the peaceful uses of nuclear energy were just beginning to show their promise with a few small nuclear power plants operating in a few countries. While nuclear power is being generated primarily in a broad range of industrialized countries, current expansion, as well as the near-term and long-term growth prospects of NPPs is concentrated in Asia. Out of 33 reactors currently under construction worldwide, 21 are in Asia. Sixteen of the last 25 reactors to be connected to the grid are in the Far East and South East Asia. Within Asia, capacity and production are greatest in Japan (54) and Republic of Korea (20) and both of the countries have lack indigenous energy resources and consequent concerns about supply diversity and security make the construction of new NPPs more economically competitive. Eastern Europe and the newly independent countries of the former Soviet Union have 68 operating NPPs (31 in Russia, 15 in Ukraine and 5 in Slovakia). These countries have confirmed their future need and declared their commitment to nuclear power.
Medium and Long-Term Projections of Nuclear Power
In 2002, the Organization for Economic Co-operation and Development (OECD) and International Energy Agency (IEA) published up-dated medium-term nuclear energy projections. The Agency has two projections namely low and high. The low projection that essentially assumes no new NPPs beyond what is already being built or firmly planned plus the retirement of old NPPs projects a 9% increase in global nuclear generation up until the end of 2015, followed by a decrease, resulting in global nuclear generation in 2020 at a level only 2% higher than in 2001 with significant increase in Asia. In the high projection, global nuclear generation steadily increases by a total of 46% by the end 2020. There are increases in all regions of the world again led by the Far and South East Asia.
The International Institute for applied systems Analysis (IIASA) and the World Energy Council (WEC) also jointly conducted extensive study to examine globally long-term energy perspectives, their constraints and opportunities by grouping the countries of the world into eleven different regions and by formulating six alternative scenarios for the three global energy scenarios-a high, a middle, and ecologically driven low scenario for the next century [1] [2] . The study projects by mid-century a range of energy demand increase of some 50% for low economic growth case to more than 150% for the high economic growth case, with the latter showing a 50% increase before 2020. According to this study the future of nuclear will depend on when and how proliferation, waste and safety concerns are resolved and whether the climate issue will add additional weight to nuclear's characteristics as a zero-carbon option. It is found that the nuclear power will play a significant role over the next several decades, however, uncertainty and changing fortunes characterize the longterm role of nuclear energy in the six scenarios. The nuclear power generation in the three macro-regions DCs (developing countries), REFs (reforming economics, EEU and FSU) and OECD for the years 2020 and 2050 showed that until 2020 all scenarios show high growth. On the other hand, after 2020 completely different nuclear futures may unfold varying from an almost fivefold expansion between 1990 and 2025 to a 20% decline over the same period. Beyond 2050 the range of nuclear power contribution varies from some twenty-fold increase to a total phase out(?) by the end of the century. The scenarios with the highest nuclear contributions translate into annual grid connections up to 70 GWe of installed capacity per year by 2050.
Medium to Long-Term perspective of Nuclear Power in Developing countries
Recently, global energy and environmental pictures put pressures on many developing and developed countries of the world to think and rethink for nuclear power in their overall energy supply mix. By this time, developing countries like China and India, nuclear energy has become an inevitable energy option. Presently there are 11 and 17 NPP are operating in China and India respectively and both this countries have declared ambitous visions for Nuclear. It is interesting to note that the nuclear energy in the DCs will change drastically in all six scenarios. Until the middle of this century, the nuclear power is vigorously deployed in the DCs and the scenarios with high nuclear shares; the installed capacity will be twice the current global capacity.
This World Nuclear Association (WNA) Report entitled "The New Economics of Nuclear Power" provides international perspective and definitive analysis of the costs of constructing and operating nuclear power plants in the 21st century. In most industrialized countries today, new nuclear power plants offer the most economical way to generate base-load electricity -even without consideration of the geopolitical and environmental advantages that nuclear energy confers. WNA analysis uses three scenarios. Starting from current global nuclear capacity of 367
GWe, the WNA's Reference and Upper scenarios project an expansion of nuclear capacity to a range between 524 and 740 GWe in the next 25 years. These scenarios represent construction of 200 to 400 new reactors worldwide -some for replacement, most for new capacity mostly in developing countries [6] . This projection is driven by the following issues.
Economic and Technological Development
The capital costs of NPP are high. But once built, nuclear power typically has lower fuel and operational cost advantage than fossil plants. In fact, most existing nuclear power plants are quite cost competitive against most fossil power plants. According to the recent OECD/NEA study, nuclear power is competitive with fossil power plants in many countries [7] . It has seen from the latest OECD international survey released in August 2003 that at 5% discount rate, 91% capacity factor and 40 year plant life, the generation cost of nuclear is in the range 237 c/kWh (US) is comfortably cheaper than coal (coal 2.81 c/kWh) in seven of ten countries and cheaper than gas (3.23 c/kWh). If emission trade will be added, the picture of generation cost of fossil fuels would be rather higher as shown in figure 2 . According to figure, with emission trading @ EUR 20/ton CO2, the electricity prices for coal and gas increase to 4.43 and 3.92 c/kWh respectively:
In addition, it is the fact that nuclear fuel costs are low: doubling the cost of gas and coal increases electricity production cost about 70% and 40%, respectively. Doubling the cost of ex-mine uranium increases electricity production cost about 5% [7] . Moreover, the external costs for nuclear are very much lower than its alternatives.
The generation of electricity from conventional sources will be more costly due to rapid depletion of resources. No long supply chain of raw materials and other inventories is required in operating a major nuclear power plant; therefore power generation from nuclear plants will be more cheaper than the fossil fuels in the coming days. 
Figure 2: Electricity generation cost for various energy options
The generation of electricity from conventional sources will be more costly due to rapid depletion of resources. No long supply chain of raw materials and other inventories is required in operating a major nuclear power plant; therefore power generation from nuclear plants will be more cheaper than the fossil fuels in the coming days.
Environment Friendly
On the other hand, only a decade ago, the environmental lobby was noisy in opposition, however, today the world's highest profile environmentalists speaking very clearly in favour of nuclear power. Presently, our world desperately needs the cleanenergy revolution and every authoritative analysis points to the fact that humankind cannot conceivably achieve a global cleanenergy revolution without a huge expansion of nuclear power -to generate electricity. At present, 30 nations representing twothirds of humanity use 339 nuclear reactors to produce about 16% of global electricity. Major nuclear power expansion is underway in some countries, and it is increasingly likely that this will spread to many. By this time China and India have launched a massive nuclear power programme Japan and South Korea are steadily increasing their nuclear capacity.
CONCLUSION
Global energy consumption is growing rapidly. By 2020, nuclear power will most likely extend to further nations as diverse as Poland, Turkey, Chile, Vietnam and Indonesia. More than twenty new countries in different regions of the world such as Algeria, Australia, Bahrain, Cameroon, Chile, Croatia, Egypt, Georgia, Ghana, Greece, Jordan, Kenya, Malaysia, Mexico, Morocco, Namibia and Nigeria are planning to introduce nuclear after 2020 or later. This broad base -representing most of world population and economic activity -will provide the foundation for a nuclear century, not by misunderstanding or ignoring unsolved issues of nuclear power, but because it is a proven technology, economically competitive with fossil fuels, capable to ensure energy security and represents much less of a problem or threat than global warming.
The International Energy Agency projects a doubling of world electricity demand by 2030, creating the need for some 4,700 GWe of new generating capacity in the next quarter century. Worldwide energy investment will be directed primarily at satisfying local base-load requirements. The developing countries those have vision for accelerating economic growth and sustainable development needs to consider in their overall energy mix to achieve: (1) national goals of price stability and energy security; and (2) global goals of environmental preservation through reduced carbon emissions. The year 2008 will be crucial and the political leaders who believe that the world will return to business as usual will have a rude rendezvous with their constituencies. We, the developing countries need to start now to build NPP based global regime for our survival.
